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Abstract 
 
In construction, the concept of sustainable development refers to design or rehabilitation the buildings based on 
ecological principles, the aims being to improve the quality of life without increasing substantially the consumption of 
natural resources. In this respect, the paper analyse the heat energy and CO2eq saving in a residential building 
considering different types of insulation materials and fuel. The purposes of the analyses are to highlight the benefits 
resulting from designing the building envelope members in the context of sustainability criteria (low energy, CO2 
emissions, cost, and improved thermal comfort).  
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1. Introduction 
 
In the world the consumption of fossil fuel 
energy has been increased in the last 30-40 years 
intensifying the environmental pollution, global 
warming and climate change. The construction 
sector consume a large amount of energy for 
materials production, construction and operation of 
buildings, being responsible at European level of 
about 40% of greenhouse gas emissions [3-4]. In 
this respect in 2009, has been emitted the Directive 
2009/29/EC [10], which imposed a reduction of 
greenhouse gases (GHGs) emissions up to 30% till 
2020 respectively with 80 % till 2050 compared to 
emissions generated in 1990 [3-4]. It was obviously 
that implementing the sustainable principle in the 
design or rehabilitation stage of new or existing 
buildings in order to ensure their sustainability will 
be the first step in achieving these goals. 
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Therefore the European directives [3, 4, 9, 10, 
11] emitted in the last years was focused on 
improving the thermal requirements for envelope 
members and on extending the uses of renewable 
energy for heating and cooling the dwellings.  
Tools like life cycle analysis [1, 7, 12], 
embodied energy [2, 6] or carbon footprint [1, 5, 6, 
8, 13, 14, 18, 19, 22] are useful in the design or 
rehabilitation stage of the buildings in order to 
determine the building impact upon the environment 
during the entire lifespan (materials production, 
execution, operation, renovation and demolition) 
and to analyse the optimum solutions for building 
envelope members for saving energy and CO2 
emissions.  
The concept of 'embodied energy' appeared 
at the beginning of ‘70s years, and include the 
energy required for raw materials extraction, their 
processing and conversion into building materials. 
The necessary energy for transport on the 
construction site, demolition and waste removal at 
the end of building lifespan or recycling are also 
included.  
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The carbon footprint concept derives from 
ecological footprint, introduced in 1990s by William 
Rees and Mathias Wackernagel [20 - 22], but 
become well known since 2005, as indicator of 
environmental sustainability used to evaluate the 
environmental pollution and to analyze the 
improvement potential in conservation the natural 
resources.  
The carbon footprint of buildings represents 
the total greenhouse gas emissions resulted in each 
stage of buildings life cycle and includes the overall 
amount of CO2 and other GHGs (CH4, N2O, HFC, 
PFC, SF6), converted into CO2 equivalent (CO2eq) 
[19-22].  
It is well known that, embodied energy is an 
important indicator from sustainable point of view, 
but the energy consumed for heating and cooling 
the buildings is predominant and is influenced by 
thermal characteristics of the materials. 
An optimal selection of building materials, 
especially of insulation can save energy and CO2 
emission increasing in the same time the dwellers 
thermal comfort, and creating a healthy home at 
low cost [1, 5, 7, 8, 16, 23].  
 
2. Material and Method 
 
To determine the building impact on the 
environment and the global warming potential, the 
paper analyse the thermal insulation materials and 
annual energy demand for heating.  In this respect it 
has been considered a residential dwelling having 
the following geometrical characteristics for the 
envelope members: Awall= 210m2, Aglazing=35.28m2, 
Afloor=135m2, Aattic floor=135m2. 
The thermal analysis was determined using 
ENEFcontrol software, a tool based on methodology  
performed in Romanian standard Mc 001/1, 2, 3 -
2006 [15 - 17]. + 
The insulation materials were analyzed in the 
context of sustainability criteria (embodied energy, 
global warming effect, acidification potential, cost, 
recyclability potential, and efficiency in saving 
energy and CO2 for heating using different fuel type) 
in order to determine their effects on the 
environment and saving energy during the building 
construction and operation. 
 
 
3. Results and Discussions 
 
The energy efficient/low carbon buildings 
should be design in accordance with sustainable 
principle, analysing the environmental, social and 
economical aspect. The building materials used for 
envelope members should be long-lasting, durable, 
fire resistance,  with low embodied energy, low cost 
and high thermal properties. 
Insulation materials produced in the present 
on a large scale, may be classified as conventional 
(expanded/extruded polystyrene, mineral wool, 
polyurethane), organic (cork, sheep wool, etc.), and 
recyclable materials (Table 1) [5, 12, 18], each of 
them offering certain advantages in terms of 
environmental performance. 
 
Table 1. Pollution potential of insulation materials [5, 12, 18] 
Thermal insulation 
materials 
Embodied energy 
[MJ/kg] 
Global warming potential 
[kgCO2eq/kg] 
Acidification potential  
[kgSO2eq/kg] 
Expanded polystyrene 80-130 2.88-5.76 0.007-0.018 
Mineral wool 20-80 1.740 0.010-0.029 
Polyurethane  83-104 3.80-4.62 0.013-0.027 
Sheep wool 29-30 0.50-0.60 0.0035-0.004 
Corkboard 6.65-25.05  -0.654-3.26 0.0029-0.0054 
 
Instead of conventional thermal insulation 
materials, the organic and recycled materials have 
low embodied energy which generates low CO2eq 
and SO2eq emissions.  
The thermal characteristics of materials are 
very close and except of mineral wool and 
polyurethane each of them may be reused or 
recycled as additive or substituent in other buildings 
materials (Table 2) [5, 12, 18].  
For thermal analysis was considered the same 
thickness for insulation layers as follows: external 
walls-thermal insulation of 15 cm, attic floor- 
thermal insulation of 25 cm, floor above basement-
15 cm; the differences was consisting in types of 
thermal insulation materials used for external walls, 
which is the building envelope member with the 
highest level of the heat losses. For analysis were 
selected three of conventional thermal insulation 
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which are the most widely used in Romania and two 
organic insulation materials (sheep wool, 
corkboard), in order to evaluate their contribution in 
saving energy. The thermal analysis shows that the 
heat requirements (QN) is lower with 4.09% in case 
of mineral wool, 5.43% in case of sheep wool, 
5.97% in case of expanded polystyrene respectively 
with 11.64% in case of polyurethane compared to 
corkboard insulation (Table 3).   
 
Table 2. Characteristics of thermal insulation materials [5, 12, 18] 
Thermal insulation 
materials 
Thermal conductivity 
[W/mK] 
Density  
kg/m3 
Cost 
Euro/m2 
Recyclability 
 
Expanded polystyrene 0.028-0.032 15-65 7-8 Recyclable 
Mineral wool 0.035-0.05 30-120 17-18 Non- Recyclable 
Polyurethane  0.023-0.035 28-55 8 Non- Recyclable 
Sheep wool 0.035-0.04 14-30 8-12 Renewable 
Corkboard 0.045-0.055 105-130 13 Renewable 
 
Table 3. Thermal analysis of building 
Thermal insulation 
materials 
Average thermall resistance of the 
bldg. env., R’M [m2K/W] 
Heat losses coeff., Gef 
[W/m3K] 
Annual space heat req., 
QN [kWh/(m2yr)] 
Expanded polystyrene 3.66 0.36 39.68 
Mineral wool 3.58 0.37 40.47 
Polyurethane  3.90 0.35 37.29 
Sheep wool 3.63 0.37 39.91 
Corkboard 3.43 0.38 42.20 
 
More than that the, sheep’s wool is an 
ecofriendly material, biodegradable, renewable but 
not recyclable and during production or building 
lifespan does not release toxic gases (formaldehyde, 
nitrogen oxide, or sulfur oxide, volatile organic 
compounds (VOCs)) like other conventional 
insulation materials [5].  
The CO2 net saving for heating is dependent 
of fuel type; the analysis highligting that the impact 
of buildings upon environment is much reduced by 
using biomass and gas instead of electricity and 
liquid fuel (Table 4). If residual biomass is used for 
heating the building the CO2 net saving is with 
92.8% compared with electricity respectively with 
87.6% in case of liquid fuel and 81.04% for gas. 
For all thermal insulation scenarios, 
polyurethane achieves the largest net savings 
(251kgCO2eq/year) followed by expanded 
polystyrene (128kgCO2eq/year), sheep wool 
(115kgCO2eq/year) and mineral wool 
(88kgCO2eq/year) compared to corkboard. 
 
Table 4. Quantity of CO2 eq emission for all scenarios considering different types of fuel+ 
Thermal insulation 
materials 
kg CO2eq/year  
 gas liquid fuel biomass electricity 
Expanded polystyrene 2036 3106 386 5356 
Mineral wool 2076 3170 394 5465 
Polyurethane 1913 2920 363 5031 
Sheep wool 2049 3126 388 5387 
Corkboard 2164 3305 410 5697 
 
The CO2eq saving during the heating of 
buildings will be much greater if is considered the 
entire lifespan.  
The highest CO2eq net saving for 20 years 
will be 5020 kg CO2eq for buildings where 
polyurethane is used as insulation materials, 
followed by expanded polystyrene with 2560 kg 
CO2eq and sheep wool with 2300 kg CO2eq 
compared to corkboard. 
 The selection process of thermal insulation 
materials is crucial in design stage of sustainable or 
energy efficient buildings and influence their 
behavior in time in terms of comfort, saving energy 
and conservation of raw materials. Some of 
insulation materials offer huge advantages 
considering the net CO2 saving in terms of heating 
or cost (Table 5) while others in term of saving 
embodied carbon.  
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Table 5. Efficiency of thermal insulation materials in terms of cost, embodied,  and energy demand for heating  
Thermal insulation 
materials 
Embodied 
energy 
Embodied CO2eq 
 
Heating CO2eq 
 
Cost 
Expanded polystyrene very low low high very high 
Mineral wool moderate moderate low very low 
Polyurethane low very low very high high 
Sheep wool high very high moderate moderate 
Corkboard very high high very low low 
 
Based on the results it is obviously that 
polyurethane and expanded polystyrene are of low 
cost materials with lower heat requirements, and 
CO2eq emissions nedeed for building operation, 
while the embodied energy and CO2 eq are greater.  
Depending on the material used as thermal 
insulation, the embodied energy is equivalent to 
maximum 10 years of energy consumed for heating, 
showing that the optimum selection of insulation 
materials is achieved if is considering the entire 
lifespan of the building.  
The corkboards has a low embodied energy 
but if is consider the entire life cycle of the building 
it can be noticed that the cost for construction will 
be higher due to high density and material cost, 
compared with other insulation materials.  
 
4. Conclusion 
 
Implementation of new constructive 
solution in order to increase the energy 
performance of building envelope members and 
buildings as a whole, become a stringent target 
for residential sector from all European countries.  
In the residential buildings, the energy 
demand for operation and maintenance is the 
predominant factor in terms of environmental 
pollution and conservation of natural resources, 
being directly influenced by the thermal 
characteristics of building envelope members. 
A better selection of insulation materials can 
offer certain advantages in terms of cost, CO2eq 
saving and an increased thermal comfort. When low 
carbon or energy efficient buildings are design, the 
carbon saving for entire lifespan (embodied carbon 
and emission due to operation, rehabilitation or 
demolition) become an essential decisive factor 
which influence the choose of final solutions in term 
of total potential of CO2eq saving. 
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